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(54) Optical head and optical disk apparatus 

(57) A small-sized optical head (1) and optical disk 
apparatus capable of higlvdensity recording at a high 
data transfer rate. A collimated light beam is incident on 
a first surface (6a) of a transparent condensing mecfium 
(6). The light beam incident on the first surface (6a) is 
reflected by a reflective structure (7), such as a metallic 
film or a hologram, formed on the outside of a second 
surface (6b) of the transparent condensing medium (6). 
The reflected light forms a beam spot (9) on a third sur- 
face (6c) of the transparent condensing medium (6). 
Light condensed at the beam spot (9) is emitted as near 
field light, and propagates to a recording medium for 
optical recording or reproduction. 
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Description 

[0001] The present invention relates to an optical 
head and an optical disk apparatus, and more particu- 
larly to an optical head and an optical disk apparatus, s 
whose beam spot is rendered minute. 
[0002] In optical disk apparatus, realization of both 
higher density and larger capacity of optical disks from 
compact disks (CD) to digital video disks (DVD) is pro- 
ceeding, and optical disk apparatuses are increasingly w 
requested for larger capacity in order to meet the ten- 
dency of computers toward higher performance and 
that of displays toward higher definition. 
[0003] The recording density of an optical disk is basi- 
cally limited by the size of a beam spot formed on a is 
recording medium. When light is condensed by an 
objective lens, a diameter (beam spot size) D 1/2 at 
which the optical intensity of the beam spot becomes 
1/2 is given by the following equation (1), and the track 
width becomes substantially equal to this size. 20 

D 1/2 = kX/(n«NA) (1) 

where k: Proportionality constant (normally about 
0.5) depending on the intensity distribution of the 25 
beam, 

X: Wavelength 

n: Refractive index (normally air, nearly 1) of 

medium at the position of beam spot, 

NA: Numerical aperture of the objective lens. 30 

[0004] Since the NA of objective lenses used with con- 
ventional opticaldisks is about 0.5, D 1/2 is nearly equal 
to the wavelength. Also, as can be seen from equation 
(1), the use of a shorter wavelength or objective lenses ss 
of larger NA is effective to obtain a minute beam spot, 
and development efforts have been made respectively. 
In DVDs, the wavelength was shortened to 0.65 urn, 
and the NA of the objective lens was raised from 0.45 in 
the case of CD to 0.6 thereby providing a density 40 
roughly four times higher than CD in DVD. As for the 
wavelength, a green or blue luminous has further been 
vigorously developed. On the other hand, as for NA, 
when it exceeds 0.6, the influence of signal intensity 
fluctuation due to tilt of the optical disk becomes signifi- 45 
cant Thus, it is difficult to increase the NA higher than 
0.6 in the conventional optical recording system which is 
performed using a plastic substrate. Therefore, current 
optical storage development is shifting toward condens- 
ing light on a recording layer formed on a plastic sub- so 
strata without passing the light through the plastic 
substrate. 

[0005] In the optical recording systems that directly 
condense light on a recording layer, the following two 
systems using near field optics have been recently pro- ss 
posed for radically reducing the beam spot size. These 
systems have been both obtained by applying the high- 
resolution techniques of microscopes to optical record- 



ing. 

[0006] The first system employs near field optics for 
recording in which light is emitted from the tip end of an 
optical probe whose tip end has been polished to a 
small tapered shape (several tens of nanometers or 
less). This system has many problems such as difficult 
and unstable working of the probe, susceptibility of the 
probe to mechanical shocks, short life, low light utiliza- 
tion efficiency of 1/1000 or less, and requires may 
improvements to put it to practical use. 
[0007] The second system places a hemispherical 
tens (Solid Immersion Lens (hereinafter, abbreviated to 
"SIL")) consisting of a transparent medium having a 
high refractive index near the focus of an objective lens 
to thereby form a minute beam spot at the central por- 
tion of the bottom of the SIL for performing optical 
recording, and can be considered to be a technique 
having comparatively higher feasibility than the first sys- 
tem. Since the wavelength of light becomes shorter in 
inverse proportion to the refractive index of the SIL 
within it the beam spot also becomes smaller in propor- 
tion thereto. The majority of light condensed at this 
beam spot is totally reflected toward the hemispherical 
surface of the SIL and some portion thereof is emitted 
in the neighborhood of the beam spot outside of the SIL 
as near field light If a recording medium having nearly 
the same refractive index as the SIL is arranged in the 
neighborhood (at a sufficiently smaller distance than the 
wavelength of light), the near field light enters this 
medium and propagates within the medium. By using 
this light to record on the medium, it becomes possible 
to perform high-density recorcfing. Since, however, an 
aberration of the objective lens remains present it ts 
necessary to maintain the aberration of the objective 
lens sufficiently low. The light condensing system using 
this SIL has two types to be described below. 
[0008] Fig. 13 shows an optical head of the first type. 
This optical head 50 comprises an objective lens 52 for 
condensing a colli mated beam 51 , and a hemispherical 
SIL 54 arranged so that a bottom face 54a thereof inter- 
sects convergent light 53 from the objective lens 52. 
When the collimated beam 51 is incident on the objec- 
tive lens 52, the collimated beam 51 is condensed by 
the objective lens 52, the convergent light 53 from the 
objective lens 52 is incident on the hemispherical sur- 
face 54b of the SIL 54, and is condensed at the center 
of the bottom face 54a of the SIL 54 to form a beam spot 
55. The diameter of the beam spot 55 at the optical 
head 50 is reduced in inverse proportion to the refrac- 
tive index of the SIL 54. When the recording mecfium 56 
is brought close to the beam spot 55, the near field light 
in the neighborhood of the beam spot 55 is incident on 
the recording medium 56 as propagation light 
[0009] Fig. 14 shows an optical head of the second 
type. This optical head 50 comprises an objective tens 
52 for condensing a coflimated beam 51, and a bot- 
tomed SIL 54 arranged so that the bottom face 54a 
thereof intersects convergent light 53 from the objective 
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lens 52. The SIL 54 is arranged so as to refract the con- 
vergent light 53 from the objective lens 52 and further 
condense it The SIL 54 is constructed such that the col- 
lirnated beam 51 is condensed in a distance of r/n (r is 
radius of SIL) from the center 54c of the hemispherical 
surface 54b (called „Super SIL Structure"), whereby it is 
possible to have small spherical aberration due to the 
SIL 54, to raise the numerical aperture within the SIL 54 
ton times that of the objective lens 52 shown in Fig. 13, 
and further to make the beam spot 55 minute. That is, 
the beam spot can be rendered minute as shown by the 
following equation (2): 

D 1/2 =kX/(n * NAi)*kX/(n 2 • NAo) (2) 

where 

NAi: Numerical aperture within SIL 54 
NAo: NA of incident light on SIL 54 

[001 0] However, NA of the incident light on this Super 
SIL 54, that is, the maximum value emax of the incident 
angle e, is inversely related to the refractive index n of 
the SIL 54, and the two cannot be made independently 
large. 

[0011] Fig. 15 shows the relationship between the 
refractive index n of Super SIL 54 and NAo, obtained by 
Suzuki in #001 of Asia-Pacific Data Storage Confer- 
ence (Taiwan, "97,7) (hereinafter, referred to as .First 
conventional example"). As can be seen from Fig. 15, 
when the refractive index a of the SIL is continuously 
raised, the maximum value IMAomax which the NAo of 
the incident light can take gradually becomes smaller. 
This is because when the NAo increases over the max- 
imum value IMAomax and the incident angle becomes 
larger, the beam spot 55 at the position of the recording 
medium 56 becomes wider because the light does not 
pass through the SIL 54, but becomes directly incident 
on the recording medium 56. When, for example, the 
refractive index q « 2 NAomax is 0.44, and the product 
n • NAomax is within a range of 0.8 to 0.9. This is the 
theoretical limit, and in reality is a smaller value (0.7 to 
0.8). 

[001 2] Concerning the condensing experiment using 
the Super SIL, B. D. Terris et ai reported in Appl. Phys. 
Lett. Vol. 68 (*96), P. 141 (hereinafter, referred to as 
^Second conventional example"). According to this 
report, a Super SIL having a refractive index q= 1.83 is 
placed between an objective lens and recording 
medium, and a laser beam with a wavelength of 0.83 
lim is condensed to thereby obtain a beam spot size of 
0.317 urn. In other words, condensing equivalent to 
D 1/2 =X/2.3 is accomplished, and in this case, NA is 
0.4, and n • NAmax is about 0.73. Also, the possibility of 
recording density (3.8 x 10 8 bits/cm 2 ) several times the 
conventional density has been verified using this sys- 
tem. 

[001 3] Fig. 1 6 shows an optical disk apparatus (here- 



inafter, referred to as .Third conventional example") 
described in the specification of U.S. Patent No. 
5,497,359. This optical disk apparatus 500 comprises: 
an optical disk 501 obtained by forming a recording 

5 layer 501b on a plastic substrate 501 a; a motor 504 pro- 
vided on a base 502, for rotationally driving the optical 
disk 501 through a shaft 503; a flying slider 505 consist- 
ing of a transparent medium, for levitate-traveling on a 
recording layer 501b of the optical disk 501 ; a herni- 

10 spherical SIL 54 mounted to the flying slider 505; a 
detection optical system unit 510 for generating signals 
lor automatic focusing control and tracking control, or 
data signals from light reflected by an optical system for 
shaping and condensing a beam from a semiconductor 

1 5 laser, and the optical disk 50 1 ; an arm 506A for support- 
ing the detection optical system unit 510; an arm 506B 
mounted to the arm 506A, for supporting the flying 
slider 505; ami a voice coil motor (VCM) 507 provided 
on the base 502, for driving the arm 506A to cause the 

20 SIL 54 and the detection optical system unit 510 to 
access and track at the same tima 
[0014] Fig. 17 shows the detail of the SIL 54 and the 
flying slider 505 of the third conventional example. The 
flying slider 505 is formed of a transparent medium hav- 

25 ing nearly the same refractive index as the SIL 54. The 
flying slider 505 is fixed to the hemispherical SIL 54, and 
a laser beam is condensed on the lower surface of the 
flying slider 505 to form a beam spot 55, whereby the 
Super SIL is constituted of the flying slider 505 and the 

30 SIL 54. 

[0015] Fig. 18 shows the detail of a detection optical 
system unit 510 according to the third conventional 
example. In this detection optical system unit 510, the 
conventionally most general optical system is adopted, 

55 and this system is not improved so as to particularly 
conform to the SIL 54. More specifically, the detection 
optical system unit 510 comprises: a semiconductor 
laser 511 for emitting a laser beam 511a; a collimator 
lens 512 for collimating optical-power output 511a from 

40 the semiconductor laser 511 into a collimated beam 
51 1 b; a beam splitter 51 3 for splitting the optical-power 
output 51 1b from the semiconductor laser 51 1 and light 
reflected by an optical disk 501 ; a mirror 514; an objec- 
tive lens 516A that is driven by an actuator 515, and 

45 condenses a collimated beam 511c from the semicon- 
ductor laser 51 1 on the optical disk 501 ; a photodetector 
517 for detecting the light reflected by the optical disk 
501, split by the beam splitter 513, and focused by a 
lens 51 6B; and an amplifier 51 8 for amplifying data sig- 

50 nals (DAT) or control signals (FES, TES) that are output 
from the photodetector 517. For the SIL 54, a lens hav- 
ing a diameter of 2 mm is used, but in this case, the 
beam size at the position of the objective lens 51 6A is 
about 4 mm. Therefore, each optical system compo- 

55 nents 512, 513, 514, 516A and 51 6B in the detection 
optical system unit 510 require an effective aperture of 
4 mm, nearly the same as the beam size, or larger. 
[0016] Also, the optical disk apparatus 500 performs 
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tracking control by means of one-stage control using a 
VCM 507 alone, and automatic focusing control for driv- 
ing the objective lens 51 6A by an actuator 515. Since 
the depth of focus decreases inversely with the square 
of NA or the cube of n, the depth of focus in the case of 
condensing using the SIL 54 is as small as 0.2 pm or 
less. On the other hand, since there is a convergent 
beam between the objective lens 51 6A and the SIL 54, 
the depth of focus expands and contracts due to tem- 
perature fluctuations that cause focal displacement 
Further, since temperature causes the laser wavelength 
to fluctuate, focal displacement additionally occurs due 
to chromatic aberration of the objective lens 51 6A. For 
this reason, highly precise automatic focus control is 
necessary to reduce the above-described focal dis- 
placement 

[0017] In an optical disk apparatus using an SIL that 
is levitated in proximity and travels on the recording 
medium, the optical head is suitable for applications in 
which the optical disk is used as a fixed and non- 
replaceable one, which is similar to a conventional mag- 
netic hard disk For this reason, it becomes indispensa- 
ble to have high volumetric recording density when 
disks are stacked to be multi-head and multi-disk as well 
as a large recording capacity and high data transfer 
rata In the case of the latest hard disk, since the disk 
interval is 3 mm or less, it is necessary to reduce the 
height of the optical head to that of the head (about 2 
mm or smaller) of the hard disk. 
[0018] Fig. 19 shows an optical head (hereinafter, 
referred to .Fourth conventional example") described in 
the specification of U.S. Patent No. 5,497,359, devel- 
oped to cope with such a need for miniaturization of the 
optical head. This optical head 50 is obtained by making 
an SIL 54, an objective lens 516A, a semiconductor 
laser and a detection optical system integral with one 
another on a flying slider 505. In Fig. 19, the semicon- 
ductor laser and the detection optical system are collec- 
tively shown as a single block 520, which is mounted to 
the flying slider 505 by a mounting member 521 . Since 
the distance between the objective lens 51 6A and the 
block 520 is made shorter to thereby reduce the influ- 
ence of change in temperature, there is no need for any 
automatic focusing control mechanism. 
[001 9] On the other hand, a conventional optical head 
whose weight has been reduced is shown in .Digest of 
Optical Data Storage f93) P. 93" (hereinafter, referred to 
as .Fifth conventional example"). This optical head 
adopts a separation-type optical system in which the 
semiconductor laser and the detection unit are sepa- 
rated from the objective lens unit and fixed, and in which 
only the objective lens portion is caused to travel by a 
VCM. Tracking is performed by means of two-stage con- 
trol in which the VCM is used for tracking in a low fre- 
quency area, while a gafvano-mirror is used for tracking 
in a high frequency area. Thus, it is possible to reduce 
the weight of the movable portion including the objective 
lens to 7 g including the VCM. Also, it is possible to 



enlarge the frequency band up to about 30 kHz (gain of 
about 80 dB) by means of tracking using two-stage con- 
trol. 

[0020] Fig. 20 shows a conventional optical disk appa- 

s ratus (hereinafter, referred to as .Sixth conventional 
example") described in the literature „The Nikkei Elec- 
tronics Journal (No. 699, P. 13, , 97.9.22)". This optical 
disk apparatus 500 has a separation optical system 
using a gafvano-mirror for tracking, and comprises: a 

io flying slider 505 for levitate-traveling on an optical disk 
501 ; a SIL (not shown), an objective lens 530 and a fold- 
ing mirror 531, which are mounted on the flying slider 
505; an arm 532 for supporting the flying slider 505; a 
VCM 533 for driving the arm 532; a f ixed optical system 

is 534; and a minor 535 for directing light from the fixed 
optical system 534 to the objective lens 530. The adop- 
tion of the separation optical system makes it possible 
to reduce the weight of the movable portion and to 
enlarge the frequency band for tracking as in the case of 

20 the fifth conventional example. 

[0021 ] Accord ng to the first and second conventional 
examples, however, there is a problem that since the 
refractive index q of the SIL is reciprocally related to the 
maximum NAmax, the theoretical limits of the product 

25 n • NAmax are 6.8 to 0.9, so that the beam spot size is 
large and higher density cannot be achieved. 
[0022] Also, in the optical disk apparatus 500 of the 
third conventional example, since the SIL 54 uses a lens 
with a diameter of 2 mm, a beam size of about 4 mm is 

30 required. Further, since the objective lens 51 6A must 
have a low chromatic aberration, the lens size (diameter 
or height) is large and makes the optical system large. 
Also, since a convergent beam is used for the beam 
incident on the SIL 54, an automatic focusing control 

35 mechanism is required because the convergent point 
varies depending on temperature fluctuations. Accord- 
ingly, the weight of the optical head is as heavy as 10 g 
or more, the height is as high as about 10 mm, and the 
intervals at which the optical disks 501 can be stacked 

40 are large, and therefore, leads to a problem that the vol- 
umetric capacity cannot be made small enough as that 
of the magnetic hard. 

[0023] More specifically, it is possfole to reduce the 
size of the entire optical system by making the diameter 

45 of the SIL 54 smaller, but the thickness of the flying 
slider 505 must be made thinner at the same time, and 
therefore, there is a limit to how small the system can be 
made. Namely, the thickness of the flying slider 505 
becomes substantially equal to a distance r/n between 

so the center and the condensing point and if a medium 
having a refractive index of 2 is used, when a radius of 
the SIL 54 is 0.5 mm, the thickness of the flying slider 
becomes 250 nm, which is a minimum thickness to 
maintain mechanical strength. 

55 [0024] In addition, when the weight of the optical head 
exceeds 10 g, there is a problem that high-speed track- 
ing cannot be performed, nor can the data transfer rate 
be raised. 
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[00251 In the optical head 50 of the fourth conventional 
example, since it is actually difficult to miniaturize the 
optical head 50 and an automatic focusing control 
mechanism is required, there is a problem that the 
height of the optical head 50 increases, and it is difficult 5 
to make the device small as in the case of the third con- 
ventional example. 

[0026] Also, although it is considered that no auto- 
malic focusing control is required, the optical system is 
susceptible to expansion and contraction of the optical 10 
system supporting member due to temperature fluctua- 
tions. In addition, it is also necessary to correct focal 
displacement due to fluctuations of the laser wave- 
length, making rt difficult to eliminate the automatic 
focusing control mechanism. is 
[0027] The optical head in the fifth conventional exam- 
ple has a problem that high data transfer rate cannot be 
attained because the galvano-mirror has limits in the 
high frequency area. 

[0028] More specifically, the track width becomes nar- 20 
rower as the beam spot is made smaller, and accord- 
ingly higher-speed and higher performance tracking 
.control is required._The track width hasa size equal to 
nearly 70% of an ordinary beam spot size as seen 
in a DVD. Accordingly, when the beam spot size is 25 
0.31 urn, the track width is 0.2 nm, and when a blue 
laser (410 nm) is used, the track width is 0.1 pm or 
smaller. On the other hand, tracking must normally be 
performed at a tolerance of about one tenth of the track 
width, in other words, tracking with precision of ± 0.01 so 
11m is required. Also, since tracks have been formed by 
stamping in advance in the optical disk, a decentered 
track with ± several tens of microns occurs during the 
process. In order to track this track at a tolerance of ± 
0.01 nm a tracking error of ± 0.01 \xm is detected tofol- 35 
low up with ± several tens microns, and the control sys- 
tem requires a gain of more than 80 dB. Also, since the 
tracking control system is a secondary system and the 
band expands at -40dB/decade, the rotary speed is set 
to 3,600 rpm, and, a frequency band of about 200 kHz 40 
is required to perform tracking of 0.01 jim. More specif- 
ically, the band is for 30 kHz even when the galvano-mir- 
ror is used as discussed above, and it is difficult to 
perform tracking using one-stage control. It is neces- 
sary to reduce the rotary speed by one or more orders 4s 
of magnitude, or to use a driving mechanism having 
lighter weight and higher performance than the galvano- 
mirror. A higher data transfer rate as well as higher den- 
sity is naturally requested, but decreasing the rotary 
speed means a decrease in the data transfer rate in pro- so 
portion thereto, which is a problem. 
[0029] Also, in an optical disk apparatus 500 of the 
sixth conventional example, since the beam size has 
been set to 4 to 5 mm in order to reduce beam positional 
aberrations resulting from the movement of the optical 55 
head, the height of the optical head is nearly 10 mm. 
Thus, the intervals at which the optical disks 501 are 
stacked must be relatively large, and it is difficult to 



make the apparatus small in size. Also, although the 
wavelength is 680 nm, about 20% shorter than in the 
above-described example, the track pitch is set to 0.34 
pm, which is designed to be larger than the theoretical 
value 0.2 11m of the spot size in this system, and the 
advantage of the SIL is not fully utilized. 
[0030] The respective problems described above 
result from the fact that the SIL alone is not capable of 
condensing sufficiently, but two-stage condensing by a 
combination with an objective lens is required, and are 
essential problems of the optical head using the SIL 
[0031 ] Therefore, it is an object of the present inven- 
tion to provide a small-sized optical head and optical 
disk apparatus capable of high-density recording with 
an improved data transfer rate. 
[0032] In a preferred embodiment, the present inven- 
tion provides an optica) head comprising a laser beam 
emitter for emitting a laser beam and a transparent con- 
densing medium. The transparent condensing medium 
includes a reflective structure that reflects and con- 
denses a light beam to form a spot that is used for opti- 
cal recording and/or reproduction. 
[0033] In one aspect of the invention, the transparent 
condensing medium has a first surface on which the 
laser beam from the laser beam emitter is incident, a 
second surface, on the outside of which a reflective 
structure is formed, which reflects the laser beam inci- 
dent on the first surface by the reflective film, and a third 
surface on which the laser beam reflected by the sec- 
ond surface is condensed to form a beam spot 
[0034] The present invention also provides an optical 
disk apparatus having a rotating optical disk and an 
optical head for forming a beam spot on the optical disk 
by condensing a laser beam to record or reproduce 
information. The optical head comprises a laser beam 
emitter for emitting the laser beam and a transparent 
condensing medium having a first surface on which the 
laser beam from the laser beam emitter is incident, a 
second surface, on the outside of which a reflective film 
is formed, which reflects the laser beam incident on the 
first surface, and a third surface on which the laser 
beam is condensed to form the beam spot 
[0035] The present invention also provides an optical 
disk apparatus having a plurality of rotating optical 
disks, coaxially arranged and spaced apart at a prede- 
termined interval, and a plurality of optical heads that 
form a beam spot on the plurality of optical disks to 
record or reproduce information. The optical heads 
comprise a laser beam emitter for emitting a laser 
beam, and a transparent condensing medium having a 
first surface on which the laser beam from the laser 
beam emitter is incident, a second surface, on the out- 
side of which a reflective film is formed, that reflects the 
laser beam incident on the first surface, and a third sur- 
face on which the laser beam reflected by the second 
surface is condensed to form the beam spot 
[0036] The present invention also provides an optical 
disk apparatus having a rotating optical disk, and an 
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optical head that forms a beam spot on the optica! disk 
to record or reproduce information. The apparatus 
includes an optical head driver that moves the optical 
head in predetermined tracking directions, a semicon- 
ductor laser that emits a laser beam, a piezoelectric ele- 
ment that moves the semiconductor laser to displace a 
position at which the beam spot is formed in the prede- 
termined tracking directions, and a driver that controls 
the optical head driver on the basis of an error signal in 
a low frequency area and the piezoelectric element on 
the basis of an error signal in a high frequency area. 
[0037] The present invention also provides an optical 
disk apparatus that forms a beam spot on an optical 
disk to record or reproduce information. The optical disk 
apparatus includes a irradiator that emits a collimated 
laser beam, and a reflector that reflects the laser beam 
to form the beam spot on the optical disk. 
[0038] Additional aspects and advantages of the 
invention will be set forth, in part in the description that 
follows and, in part will be obvious from the description, 
or may be learned by practice of the invention. The 
aspects and advantages of the invention may be real- 
ized and attained by means of the instrumentalities and 
combinations particularly-pdmechouHrrthe-appended 
claims. It will be understood that each of the features 
described herein can be taken separately or jointly. 

Fig. 1 is a view showing an optical head according 
to a first embodiment of the present invention; 
Fig. 2 is a view showing an optical head according 
to a second embodiment of the present invention; 
Fig. 3 is a view showing an optical head according 
to a third embodiment of the present invention; 
Fig. 4(A) is a view showing an optical disk appara- 
tus according to a first embodiment of the present 
invention; 

Fig. 4(B) is a cross-sectional view taken on line A-A 
of Fig. 4{A); 

Fig. 5 is a cross-sectional view showing an optical 
disk used in the optical disk apparatus shown in 
Figs. 4(A) and 4(B); 

Fig. 6(A) is a side view showing the optical head 
used in the optical disk apparatus shown in Figs. 
4(A) and 4(B); 

Fig. 6(B) is a plan view showing the optical head; 
Fig. 7 is a rear view showing a flying slider used in 
the optical disk apparatus shown in Figs. 4(A) and 
4(B); 

Fig. 8 is a view showing a semiconductor laser 
scanning unit used in the optical disk apparatus 
shown in Figs. 4(A)and 4(B); 
Fig. 9 is a view showing tracking control character- 
istics in the optical disk apparatus shown in Figs. 
4(A) and 4(B); 

Fig. 10 is a view showing an optical disk apparatus 
according to a second embodiment of the present 
invention; 

Fig. 11 is a view showing an optical cfisk apparatus 



according to a third embodiment of the present 
invention; 

Fig. 12(A) is a plan view showing the semiconduc- 
tor laser used in the optical disk apparatus shown in 
s Fig. 11; 

Fig. 12(B) is a cross-sectional view of the semicon- 
ductor laser used in the optical disk apparatus 
shown in Fig. 1 1 ; 

Fig. 13 is a view showing a conventional first type 
10 optical head; 

Fig. 14 is a view showing a conventional second 
type optical head; 

Fig. 15 is a view showing relationship between the 
conventional refractive index n and NA; 
is Fig. 1 6 is a view showing a conventional optical disk 
apparatus; 

Fig. 17 is a view showing an SIL and a flying slider 
in the optical disk apparatus shown in Fig. 16; 
Fig. 18 is a view showing a detection optical system 
20 unit in the optical disk apparatus shown in Fig. 1 6; 
Fig. 19 is a view showing a conventional optical 
head; and 

Fig. 20 is a view showing another conventional opti- 
cahdislc apparatus; 

25 

[0039] Fig. i shows an optical head according to a first 
embodiment of the present invention. The optical head 
1 comprises a semiconductor laser 2 for emitting a laser 
beam 3, a collimator lens 4 for shaping optical-power 

30 output 3 from the semiconductor laser 2 into a colli- 
mated beam 5, a transparent condensing medium 6 for 
condensing the collimated beam 5, a reflective film 7 
formed on a second surface 6b of the transparent con- 
densing medium 6, and a recording medium 8 arranged 

35 in the vicinity of a third surface 6c of the transparent 
condensing medium 6. 

[0040] The transparent condensing medium 6 com- 
prises a first surface 6a on which the coIDmated beam 5 
is incident, a second surface 6b for reflecting the laser 

40 beam 5 incident on the first surface 6a, and a third sur- 
face 6c on which the laser beam reflected by the second 
surface 6b is condensed. The reflective f Dm 7 formed on 
the second surface 6b reflects the laser beam 5 incident 
on the first surface 6a to form a beam spot 9 on the third 

45 surface 6c. 

[0041] The second surface 6b defines a part of a 
paraboloid to make NA within the transparent condens- 
ing medium 6 large and to form a minute beam spot 9 
on the third surface 6c. Taking the principal axis of the 

so cross-section (6b) of the paraboloid as the x-axis, the 
vertical axis as the y-axis, and assuming the focal posi- 
tion to be (p, 0), the cross-section (6b) is represented by 
the following equation: 

55 y 2 =4px (3) 

Also, when light is condensed within the transparent 
condensing medium 6 using a paraboloid, it is possible 
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in principle to perform stigmatic condensing (Optics: 
Hiroshi Kubota, Bookstore twanami. P. 283), and to con- 
dense light on a minute spot 9 using a single condens- 
ing surfaca In this case, the beam spot size D iy2 is 
given by the following equation (4) as in the case of the 
SIL: 

D^=kX/(n-(NA0) (4) 

where NAi: Numerical aperture within the transpar- 
ent condensing medium 6. 

[0042] Next, the operation of the optical head 1 will be 
described. When the laser beam 3 is emitted from the 
semiconductor laser 2, the laser beam 3 is shaped into 
a collirnated beam 5 by the collimator lens 4, and is inci- 
dent on the first surface 6a of the transparent condens- 
ing medium 6. The laser beam 5 incident on the first 
surface 6a is reflected by the reflective film 7 formed on 
the outside of the second surface 6b to converge on the 
third surface 6c and form a beam spot 9 on the third sur- 
face 6c. Hie beam converged on the beam spot 9 is 
„. _emitted asjnear f ielcUigtat^ record- 
ing medium 8 for optical recording or optical reproduc- 
tion. Incidentally, a spot converged by the second 
surface is formed so that the third surface is located 
within the depth of focus. 

[0043] The optical head constructed as described 
above has the following effects: 

(a) Assuming the focal position a of the paraboloid 
to be g » 0.125 mm, and an upper end 6d off the 
paraboloid to be (x, y) (2 mm, 1 mm), 60 degrees or 
more is obtained for the convergent angle from the 
upper end 6d, and the NA of the third surface 6c 
becomes 0.98, which is 1 .6 or more times larger 
than NA =» 0.6 in the conventional DVD. 

(b) Since a high NA can be obtained, it is possible 
to render the beam spot 9 minute. 

(c) No chromatic aberration occurs because of 
reflection type condensing. 

(d) The optical system of this embodiment is a so- 
called infinite system, that is, light rays in the laser 
beam 5 between the collimator lens 4 and the trans- 
parent condensing medium 6 are parallel, and 
therefore, the focal displacement due to tempera- 
ture fluctuation is small. 

(e) Since the laser beam 5 is incident on the first 
surface of the transparent condensing medium 6 in 
a direction substantially parallel to the optical disk 
surface, the optical system can be arranged along 
the recording medium 8 and it is possible to set the 
height of the optical head 1 low. Thus, when a plu- 
rality of optical disks are stacked, the resulting 
multi-disk system can be made compact. 

[0044] Incidentally, for the reflective layer 7, a reflec- 
tive hologram such as a volume hologram, an uneven 
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binary hologram or a reflective material, such as alumi- 
num, may be used. 

[0045] Fig. 2 shows an optical head according to a 
second embodiment of the present invention. This opti- 

5 cal head 1 is obtained by making the second surface 6b 
of a transparent condensing medium 6 planar, and 
using a reflective hologram, such as a volume hologram 
or a binary hologram for the reflective layer 7. In other 
respects, the optical head 1 Is constructed similarly to 

10 the first embodiment. By making the second surface 6b 
of the transparent condensing medium 6 planar, it 
becomes possible to increase productivity when manu- 
facturing the transparent condensing medium 6. 
[0046] Fig. 3 shows an optical head according to a 

is third embodiment of the present invention. This optical 
head 1 is obtained by using a part of a spherical surface 
for the second surface 6b of a transparent condensing 
medium 6, and using a reflective hologram, such as a 
volume hologram or a binary hologram for the reflective 

20 layer 7. In other respects, the optical head 1 is con- 
structed similarly to the first embodiment. A spherical 
surface is somewhat inferior in light condensing prop- 

eriy. rxjtis irrproved in Hg W corxJensing p 

using a reflective hologram for the reflective layer 7. 

25 incidentally, metal, such as aluminum, may be evapo- 
rated onto the second surface 6b of the transparent con- 
densing medium 6 as the reflective layer 7. 
[0047] Figs. 1-3 show only three possfole embodi- 
ments of a transparent condensing medium 6. As will be 

so appreciated by those of ordinary skill in the art, other 
physical shapes and orientations for the transparent 
condensing medium 6 are possibia The example 
embodiments shown in Figs. 1-3 show the collirnated 
beam 5 entering the transparent condensing medium 6 

35 in a direction parallel to the third surface 6c. However, 
the collirnated beam 5 could enter the transparent con- 
densing medium 6 in arty direction, including perpendic- 
ular, relative to the third surface 6c. That is, the first and 
second surfaces 6a and 6c need hot be perpendicular 

40 planar surfaces, but can be non-planar, e.g., having 
optical power, and/or be transverse or perpendicular to 
each other. 

[0048] Further, the examples in Figs. 1 -3 include only 
one continuous reflective surface 6b. However, multiple 

45 continuous or discontinuous reflective surfaces can be 
used to condense a light ray and form a spot for optical 
reproduction and/or recording. For example, a fast 
reflective surface could reflect a light beam to a second 
reflective surface that condenses the light beam to form 

so a spot The reflective surface(s) also need not be 
formed at an exterior surface of the transparent con- 
densing medium 6. Instead, the reflective sur- 
faced/structure^) could be formed at an interior 
portion of a condensing medium. The above examples 

55 also all use a reflective material to reflect light However, 
the reflective surface(s) could be made reflective by 
other means, such as a relatively high index of refrac- 
tion gradient like that used in optical prisms to reflect 
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light Thus, a reflective structure used in the invention 
could be an interface between two substances having a 
different index of refraction. 

[0049] In addition, the examples shown in Figs. 1-3 
are constructed to condense an incident collimated 
beam 5. In the above examples, a collimated beam 5 is 
used to make the system less sensitive to thermal fluc- 
tuations. However, other constructions are possible that 
do not use a collimated beam 5. For example, the trans- 
parent condensing medium 6 could receive uncolli- 
mated light directly or indirectly from a light source and 
condense the light, using one or more reflective sur- 
faces, to form a spot 

[0050] Fig. 4(A) shows an optical disk apparatus 
according to a first embodiment of the present inven- 
tion, and Fig. 4(B) is a cross-sectional view taken on line 
A- A of Fig. 4(A). This optical disk apparatus 10 com- 
prises an optical disk 12, in which a recording layer 121 
is preferably made of GeSbTe phase-change material 
on one surface of a disk-shaped plastic plate 120, and 
which is rotated by a motor (not shown) through a rota- 
tional shaft 11. An optical head 1 performs optical 
recording/optical reproduction using the recording layer 
-121 of the optical disk T2v A linear motor 14-moves the 
optica! head 1 in tracking directions 13, and a suspen- 
sion 15 supports the optical head 1 from the linear 
motor 14 side. An optical head driving system 16 drives 
the optical head 1, and a signal processing system 17 
processes a signal obtained from the optical head 1 and 
controls the optical head driving system 16. 
[0051] The linear motor 14 comprises a pair of fixed 
portions 14A provided along the tracking directions 13 
and a movable coil 14B for moving on the pair of fixed 
portions 14 A. The optical head 1 is supported by the 
suspension 1 5 from the movable coil 1 4B. 
[0052] Fig. 5 shows the detail of a preferred optical 
disk 12 for use with the invention. In this optical disk 12, 
high-density recording is used to take advantage of a 
minute beam spot 9 formed by the optical head 1. A 
plastic plate 120 is formed, for example, from a polycar- 
bonate substrate or the like, and a grooved portion 12a 
is formed on one surface thereof. The optical disk 12 is 
preferably formed by stacking an A) reflective film layer 
(approximately 100 nm thick) 122, a Si0 2 layer (approx- 
imately 100 nm thick) 123, a GeSbTe recording layer 
(approximately 15 nm thick) 121, and a SiN layer 
(approximately 50 nm thick) 124 on the surface on the 
side, on which the grooved portion 12a in the plastic 
plate 120 is formed. In this embodiment information is 
recorded in a land portion 12b, the track pitch is 0.25 
nm. and the depth of the grooved portion 12a is about 
0.1 nm. The mark length is 0.13 ^m, the recording den- 
sity is 19 Gbits/inch 2 , and a 12 cm disk corresponds to 
a recording capacity of 27 GB, the recording density of 
which is 7.6 times higher than that of a conventional 
disk. 

[0053] Figs. 6(A) and 6(B) show an optical head 1, 
Fig. 6(A) is its side view, and Fig. 6(B) is its plan view. 



The optical head 1 has a flying slider 18 for flying on an 
optical disk 12. Mounted on the flying slider 18 are an 
end emission type semiconductor laser 19 for emitting a 
laser beam 3, and a piezoelectric element 20 for dis- 

5 placing a beam spot 9 in tracking directions 13 as 
shown by reference numeral 9' in Figs. 6(A) and 6(B) by 
moving the end emission type semiconductor laser 19 
up-and-down. A collimator lens 4 coilimates a laser 
beam 3 emitted from the semiconductor laser 19 into a 

w collimated beam 5. A fused quartz plate 21 fixes the pie- 
zoelectric element 20 and the collimator lens 4 on the 
flying slider 18. A polarizing beam splitter 22 splits the 
collimated beam 5 from the semiconductor laser 1 9 and 
fight reflected by the optical disk 12. A 1/4 wavelength 

1$ plate 23 converts the linearly polarized light of the colli- 
mated beam 5 into circularly polarized light, and a trans- 
parent condensing medium 6 condenses the collimated 
beam 5 from the semiconductor laser 19 using a reflec- 
tive layer 7 formed on the outside of the second surface 

20 6b of the transparent condensing medium 6. A photode- 
tector 24 inputs light reflected by the optical disk 12 and 
received from the beam splitter 22. These components 
are all accommodated within a head case 25 that is 
fixed to the-tip end of a suspension 15. 

25 [0054] The transparent condensing medium 6 is made 
of, for example, dense ffint glass having a refractive 
index of n=1 .91 , and has a height of 1 mm, and a length 
of 2 mm. The transparent condensing medium 6 has a 
first surface 6a and a second surface 6b similar to that 

30 shown in Figs. 1 to 3. The flying slider 18 is made of or 
Includes a transparent medium having the same refrac- 
tive index as the transparent condensing medium 6, and 
is constructed such that the lower surface 16a of the fly- 
ing slider 18 corresponds to the third surface 6b. A 

35 beam spot 9 is formed on the lower surface 16a of the 
flying slider 18. 

[0055] Fig. 7 shows the rear surface of the flying slider 
1 8. The flying slider 1 8 is formed with a groove 1 8b so a 
negative pressure is developed in portions other than 

40 the peripheral portion where the beam spot 9 is formed 
on the lower surface 18a. The operation of the negative 
pressure due to the groove 18b and the spring force of 
the suspension 15 causes the spacing between the 
beam spot 9 and the optical cfisk 12 to be maintained 

45 constant In this embocfimerrt, the spacing, or amount of 
levitation, is about 0.1 jam. In this respect the lower sur- 
face 18a becomes the sliding surface. 
[0056] Fig. 8 shows an end emission type semicon- 
ductor laser 19 and a piezoelectric element 20. The end 

so emission type semiconductor laser 19 is made of, for 
example, AIGalnP, and emits a laser beam having a 
wavelength of 630 nm. An active layer 190 of the semi- 
conductor laser 19 is arranged in a direction perpendic- 
ular to the surface of the optical disk 12. In the end 

55 emission type semiconductor laser 19, a beam diver- 
gence angle Oh (see Fig. 6(B)) in a plane parallel to the 
plane of the active layer 190 is 8 to 10 degrees, which is 
as small as half or less a beam divergence angle 8v 
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(see Fig. 6(A)) of 25 to 30 degrees in a plane perpendic- 
ular to the plane of the active layer 190. On the other 
hand, an aperture in the transparent condensing 
medium 6 having an outer surface defining a paraboloid 
has a size in the vertical direction of half that in the lat- 
eral direction, and the semiconductor laser 19 is 
arranged as described above. Thus, it is possible to 
have the laser beam transmitted to the transparent con- 
densing medium 6 with almost no optical loss. The use 
of the end emission type semiconductor laser 19 pro- 
vides a small-sized (for example, 0.3 x 0.4 x 0.4 mm), 
light-weight (for example, 0.5 mg or less) laser light 
source, enabling the optical head 1 to be small-sized 
and light-weight 

[0057] The piezoelectric element consists of a plurality 
of electrode films 201 connected to electrode terminate 
200 and multi-layer PZT films (about 20 urn thick) 202 
formed between the electrode films 201 . This piezoelec- 
tric dement 20 is applied to the fused quartz plate 21, 
and the semiconductor laser 19 is fixed on the piezoe- 
lectric element 20. Since the weight of the semiconduc- 
tor laser 19 is as little as 0.5 mg or less, the resonant 
frequency of a system for supporting the semiconductor 
laser 19 could be set to 300 kHz or higher, and a dis- 
placement of 0.5 ^m or more can be obtained at applied 
voltage of 5 V between the electrode terminals 200. The 
up-and-down scanning of the semiconductor laser 19 
by this piezoelectric element 20 enables the beam spot 
9 on the third surface 6c to be scanned in the tracking 
directions 13. 

[0058] An optical head driving system 16 modulates, 
during recording, optical-power output from the semi- 
conductor laser 19 through a recording signal, whereby 
a phase change between crystal and amorphous is 
preferably caused on a recording layer 121 to record 
information. During reproduction, the system does not 
modulate the optical-power output from the semicon- 
ductor laser 19, but emits light continuously, and the dif- 
ference in reflectivity on the recording layer 121 is 
detected by a photodetector 24 as fluctuations in 
reflected light 

[0059] A signal processing system 17 generates an 
error signal for tracking control and a data signal on the 
basis of light reflected by the optical disk 12 that is 
detected by the photodetector 24. The signal process- 
ing system 17 forms an error signal in a high frequency 
area and an error signal in a low frequency area from 
the error signal by a high-pass filter and a low-pass filter 
and provides tracking control the optical head driving 
system 16 on the basis of these error signals. Here, the 
error signal for tracking is adapted to be generated in 
accordance with a sampled servo system (Optical Disk 
Technique, Radio Technique Co., P. 95). The sampled 
servo system is to intermittently detect wobbled tracks 
for generating an error signal from fluctuations in reflec- 
tion intensity from the tracks. Also, the tracking control is 
performed under two-stage control in which the linear 
motor 14 is controlled on the basts of the error signal in 



the low frequency area, and the piezoelectric element 
20 is controlled on the basis of the error signal in the 
high frequency area. In the case of the sampled servo 
system, since the recording signal and the tracking error 
5 signal are separated in view of time sharing, the two are 
separated by a gate circuit in a reproduction circuit, inci- 
dentally, the error signal may be generated by a push- 
pull system in which interference to light reflected by the 
groove portion 12a is utilized. 
w [0060] Since the recorcfing signal and the tracking 
error signal are separated in view of time sharing when 
using the sampled servo system as described above, a 
split type photodetector is not required for the photode- 
tector 24. Instead, for example, a 1 mm square PIN pho- 
ts todiode can be used. Since the split type photodetector 
is not required as the photodetector 24, the detection 
system can be greatly simplified and reduced in weight. 
[0061 ] The operation of the optical disk apparatus 1 0 
will be described. The optical disk 12 is rotated at a pre- 
20 determined speed by a motor (not shown), and the fly- 
ing slider 18 is caused to levitate and travel on the 
optical disk 1 2 by the operation of the negative pressure 
generated by the rotation of the optical disk 12 and the 
spring force of the suspension 15. When a laser beam 3 
25 is emitted from the end emission type semiconductor 
laser 19 driven by the optical head driving system 16, 
the optical-power output 3 from the semiconductor laser 
19 is shaped into a collimated beam 5 by a collimator 
lens 4, thereafter passes through a polarizing beam 
30 splitter 22 and a 1/4 wavelength plate 23, and is incident 
on the first surface 6a of the transparent condensing 
medium 6. The collimated beam 5 is converted from lin- 
early polarized light into circularly polarized light by the 
1/4 wavelength plate 23 on passing through the 1/4 
35 wavelength plate 23. The circularly polarized collimated 
beam 5 incident on the first surface 6a of the transpar- 
ent condensing medium 6 is reflected by a reflective 
layer 7 on the second surface 6b and condensed on the 
lower surface 18a of the flying slider 18. A minute beam 
40 spot 9 is formed on the lower surface 18a of the flying 
slider 18. From the beam spot 9, near field light is emit- 
ted on the outside of the lower surface 18a of the flying 
slider 18. and this near field light propagates to the 
recording layer 1 21 of the optical disk 1 2 to perform opti- 
45 cal recording or optical reproduction. The light reflected 
by the optical disk 12 follows the path of the incident 
light in reverse, is reflected by the reflective layer 7, is 
reflected at a 90° angle by a polarizing beam splitter 22, 
and is incident on the photodetector 24. A signal 
so processing system 17 generates an error signal for 
tracking control and a data signal on the basis of the 
light reflected by the optical disk 12 that is incident on 
the photodetector 24, and tracking controls the optical 
driving system 16 on the basis of the error signal. 
55 [0062] The optical disk apparatus 10 constructed as 
described above has the following effects: 

(a) The maximum angle of reflection in the second 
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surface 6b of the transparent condensing medium 6 
is 60 degrees, NA of 0.86 is obtained, and as a 
result, a minute beam spot 9 having a spot size D iy2 
of about 0.2 \*m is obtained. Thus, it is possible to 
perform ultra-high density (19 Gbtts/inch 2 ) optical 
recording/optical reproduction, 
(b) Since recording and reproduction can be per- 
formed without automatic focusing control, there is 
no need for the automatic focusing control mecha- 
nism, and it is possible to greatly reduce the weight 
of and miniaturize the optical head 1 . 

[0063] More specifically, the sizes and weight of the 
optical head 1 can be 2 mm in height, 3 mm in width, 6 
mm in length and 0.2 g in weight. For this reason, the 
weight of the movable portion of the linear motor 14 
including the movable coil 14B and the suspension 15 
can be reduced to 1.0 g or less. As a result a band of 
30 kHz or higher and a gain of 60dB or more can be 
obtained for the Gnear motor 14 alone, (c) The focal dis- 
placement due to fluctuations in temperature is small. 
[0064] More specifically, although a leading cause for 
focal displacement is temperature fluctuation, the laser 
beam is a coDimated beam in almost all portions of the 
optical system in this embodiment, and no focal dis- 
placement due to thermal expansion occurs in these 
portions. Portions where focal displacement is likely to 
occur are a portion between the semiconductor laser 19 
and the collimator lens 4, and in a condensing portion 
due to the transparent condensing medium 6 being 
made of flint glass. The coefficient of linear expansion of 
flint glass is about 9 x 10" 6 or smaller, and the maximum 
change in length of the condensing portion within the 
operating temperature range (10 to 50 °C) of the optical 
disk apparatus 10 is 0.4 jam. Also, since this expansion 
occurs tsotropically, the focal displacement due to the 
expansion is one order of magnitude smaller than that 
due to the linear expansion, and can be ignored. As 
regards the former collimator unit, chromatic aberration 
correction is applied to the collimator lens 4 f and the col- 
limator lens 4 and the semiconductor lens 19 are con- 
nected together through a fused quartz plate 21 (whose 
coefficient of linear expansion is 5 x 10* 7 ) having a low 
coefficient of linear expansion to restrain the fluctua- 
tions in distance therebetween. The focal displacement 
due to this portion is 0.02 nm or less within a range of 
temperature fluctuations of 40 degrees C, and this 
range was small enough to be ignored with respect to 
the depth of focus of 0.2 pm. 
[0065] Fig. 9 shows the tracking control characteris- 
tics of the optical disk apparatus. By means of the two- 
stage control using the linear motor 14 and the piezoe- 
lectric element 20, a 200 kHz band can be obtained as 
designated by reference numeral 26 in Fig. 9, and track- 
ing can be performed at a tolerance of 0.01 jim at high- 
speed rotation (3,600 rpm). Reference numeral 27 des- 
ignates the response characteristics of the linear motor 
14, and by merging the two into one for two-stage con- 



trol, a gain 28 of more than 80 dB could be obtained. 
Also, in a 12 cm disk, an average seek rate of 10 ms or 
less was attained. Accordingly, the access time at 3,600 
rpm rotation becomes 20 ms or less. 

5 [0066] Fig. 10 shows an optica) disk apparatus 
according to the second embodiment of the present 
invention. Although the. linear motor 14 was used for a 
seek operation in the first embodiment, a rotary linear 
motor 30 used for hard disks is used in the second 

10 embodiment The optical head 1 is connected to a 
rotary linear motor 30 through a suspension 32 rota- 
tively supported by a rotational shaft 31. With such 
structure, since the rotary linear motor 30 can be 
arranged on the outside of the optical disk 12, the opti- 

15 cal head 1 can be further made thinner, and the entire 
optical disk apparatus 10 can be miniaturized. Thereby, 
the disk can be rotated at high speed (3,600 rpm), and 
the data transfer rate can be set to 50 Mbps or more on 
average. Also, in this apparatus, since the tracking 

20 directions are perpendicular to the direction of optical- 
power output from the semiconductor laser, the semi- 
conductor laser or its output beam must be scanned in 
the direction perpendicular to the direction of optical- 
power output from the semiconductor laser for tracking. 

25 [0067] Fig. 11 shows an optical disk apparatus 
according to a third embodiment of the present inven- 
tion. This optical disk apparatus is obtained by applying 
optical heads 1 using the transparent condensing 
medium 6 of the first embodiment to a five-disk optical 

$o disk apparatus. The upper and icwer surfaces of a plas- 
tic substrate 41 of the optical disks are coated with 
recording media 42. Ten optical heads I, each for levi- 
tate-traveling on the recording medium 42 for each opti- 
cal disk 40 are supported by suspensions 44 around a 

35 rotational shaft 43. A rotary linear motor 45 drives the 
suspensions 44. For the recording media 42, either a 
phase-change type media or magneto-optic type media 
may be used. The rotary linear motor 45 consists of a 
movable piece 45a to which the suspensions 44 are 

40 directly coupled, and electromagnets 45c coupled 
through a yoke 45b, for driving the movable piece 45a. 
The structure of the optical head 1 is basically the same 
as in the first embodiment: a transparent condensing 
medium 6 having a paraboloid and an AIGalnN series of 

45 laser (410 nm) are used. The spot size is 0.2 urn, the 
disk diameter is 12 cm, the track pitch and mark length 
are 0.16 nm and 0.19 |im respectively, the single-sided 
capacity is 60 GB, and 1.2 TB as a whole. 
[0068] Figs. 12(A) and 12(B) show a semiconductor 

so laser according to this third embodiment The semicon- 
ductor laser 46 is a beam scanning type semiconductor 
laser (Nakatsuka et a!., Jpn. J. Appl. Phys. Vol.34 
(1995) pp1278-pp1279), and is obtained by having a 
substrate 460, upper electrode 461 on the upper sur- 

55 face thereof, a lower electrode 462 on the lower surface, 
and an active layer 463 at the center respectively. A 
ridge-type waveguide 463 has a main portion 464a and 
a tip end portion 464b, which are 3 nm and 5 nm in 
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width and 300 jxm and 50 jim in length, respectively. 
The upper electrode 461 consists of a main electrode 
461 a and a pair of right and left tip end electrodes 461 b. 
The oscillation area of the active layer 463 is narrowed 
by the ridge type waveguide 464a, and is also scanned 
laterally at the tip end portion by adding voltage to the 
tip end electrodes 461b alternatively, whereby the out- 
put beam is scanned laterally. The available scan width 
is up to 1 inn, and the available scanning frequency is 
up to 30 MHz. Two-stage control tracking was per- 
formed by the laser beam scanning and the linear motor 
45. Also, an error signal for tracking control was gener- 
ated by a wobbling method for laser beams. More spe- 
cifically, by laterally scanning a laser beam 0.03 *im at 
high speed (10 MHz), the beam spot on the recording 
surface is wobbled about 0.01 jim in proportion to NA 
ratio of the collimator lens to the transparent condens- 
ing medium. Thereby, a reflected signal from the record- 
ing track is modulated, and an error signal is generated 
by detecting the modulated signal in synchronism with 
the scanning frequency. 

[0069] With the above-described structure, it becomes 
possib!e_tQ perform high-speed tracking .without any 
mechanically movable components by laterally scan- 
ning a laser beam at high speed. Also, the average seek 
time of 10 ms or less could be attained as in the case of 
the first embodiment by the use of the rotary linear 
motor 45. Further, by use of the transparent condensing 
medium 6, it is possible to realize a small-sized, high- 
speed optical disk apparatus having an ultra-large 
capacity exceeding 1 TB. 

[0070] in this respect, the present invention is not lim- 
ited to the above-described embodiments, but it allows 
other variations. For example, in order to generate an 
error signal for tracking control, the sampled servo sys- 
tem has been used in the above-described embodi- 
ments, but a wobbled track system may be used in 
which a recording track is caused to move in a zigzag 
direction in the circumference, and the modulation in the 
reflected light caused thereby is brought into synchroni- 
zation with the wobbling frequency for detection to gen- 
erate an error signal. 

[0071] Also, in the embodiments, the laser beam 
caused to become incident on the transparent condens- 
ing medium is collimated by a collimator lens, but it does 
not have to be collimated if the beam power is allowed 
to be small as, for example, during reproduction. 
[0072] Also, for tracking a read-only disk, it is also pos- 
sible to use a three-spot system as used with a CD. 
More specifically, a diffraction grating is inserted 
between the collimator lens and the polarizing beam 
splitter, and photodetector elements for detecting the ± 
1 st order light reflected by the respective disks are 
arranged on both sides of a main beam detecting ele- 
ment to take the difference in the optical-power output, 
whereby it becomes possible to generate an error sig- 
nal. 

[0073] Also, it is possible to perform push-pull type 



control for generating an error signal by detecting an 
imbalance between right and left diffracted light from 
side surface portions of the recording track. In this case, 
the diffracted light is caused to become incident on a 
5 half-split type photodetector element to generate the dif- 
ferential output error signal. In this embodiment, how- 
ever, since the semiconductor laser is scanned, the 
beam spot of the photodetector element also moves lat- 
erally together with the scanning. The error signal 
10 resulting from this can be rested by laterally scanning 
the photodetector element in synchronization with the 
scanning of the semiconductor laser. 
[0074] Also, an optical head according to this embod- 
iment can be used to record on and reproduce from a 
75 write once, read many optical disk without modification. 
[0075] Also, a thin-film coil can be mounted at the 
periphery of the beam spot condensing portion on the 
third surface (lower surface of the flying slider) of a 
transparent condensing medium for magnetic modula- 
20 tion, whereby it also becomes possible to perform pho- 
toelectromagnetic recording using a magneto-optic 
medium. In the case of reproduction, however, since a 
signal js.generated ^detecting the rotation of the opti- 
cal plane of polarization by polarization analysis, it is 
25 necessary to replace the polarizing beam splitter with a 
non-polarizing splitter, and to arrange an analyzer in 
front of the photodetector element 
[0076] Also, in this embodiment, the end emission 
type laser was used as a laser beam source, but it Is 
so also possible to use a vertical cavity surface emitting 
laser (VCSEL). When using a VCSEL, the maximum 
output in the basic mode (TEMqq) & about 2 mW, which 
is one tenth or less of that of the end emission type 
laser. In this embodiment, however, the laser beam is 
35 condensed to a size substantially smaller than the beam 
spot size used in a conventional optical disk apparatus, 
and the optical density can be raised by at least one 
order of magnitude. Therefore, recording can be per- 
formed even with the VCSEL Also, wavelength fluctua- 
te tions due to temperature are small, and the need for 
chromatic aberration correction can be eliminated. 
[0077] For the semiconductor laser, a semiconductor 
laser having the shortest wavelength (630 nm) on the 
market was used in this embodiment and a blue laser 
45 (410 nm) of AIGalnN series currently under develop- 
ment can also be used in quite the same manner. In this 
case, the beam spot size can be reduced to 0.15 ^m or 
less, and it becomes possible to further achieve twice or 
more times higher density recording. 
so [0078] Also, for the transparent condensing medium, 
dense flint glass having a refractive index of 1 .91 was 
used in this embodiment However, the refractive index 
of the condensing medium has no upper limit so long as 
it exceeds 1 , and material having higher refractive index 
55 can be used. Crystalline material such as, for example, 
cadmium sulfide CdS (refractive index 2.5) and zinc 
blende ZnS (refractive index 2.37) may be used. There- 
fore, it is possible to reduce the beam spot size further 
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by twenty percent or more, and to increase the record- 
ing density by about fifty percent. 
[0079] Also, as the optica) recording medium, there 
can be used various recording media such as record- 
ing/reproduction media using a read-only disk having 
uneven pits, magneto-optic recording material or phase- 
change material, and write once, read many media for 
recording by forming uneven pits by optical absorption 
of coloring matter, etc 

[0080] Also, in the case of using an end emission type 
semiconductor laser as the semiconductor laser, the 
arrangement may be performed such that the active 
layer is in parallel to the third surface (lower surface of 
the flying slider) of the transparent condensing medium. 
[0081] As described above, according to the present 
invention, the laser beam incident on a first surface of 
the transparent condensing medium is arranged to be 
reflected by a reflective film formed on the outside of a 
second surface so as to form a beam spot on a third sur- 
faca Therefore, it is possible to utilize near field light for 
optical recording/reproduction that is emitted from the 
beam spot formed on the third surface on the outside of 
the third surface, and further to increase the numerical 
aperture within the transparent condensing medium. 
Therefore, the beam spot can be rendered minute, and 
as a result it becomes possible to achieve high-density 
recording. 

[0082] In addition, since ligfrt can be condensed with- 
out using any objective lens, it is possible to miniaturize 
the optical head, reduce weight and to improve the data 
transfer rate. And it is also possible to reduce the height 
of the optical head as low as that of magnetic hard disk 
and to improve the volumetric recording density of the 
optical apparatus, for example. 

Claims 

1 . An optical head, comprising: 

a light emitter (2) that emits a light beam; and 
a transparent condensing medium (6) that has 
a first surface (6a) on which said light beam is 
incident, and a second surface (6b) at which a 
reflective structure (7) is formed that reflects 
fight incident on said first surface (6a) to form a 
beam spot (9) on a third surface (6c) of the 
transparent condensing medium (6). 

2* The optical head as defined in Claim 1, wherein 
said transparent condensing medium (6) has a 
refractive index of 1 or larger. 

3. The optical head as defined in Claims 1 or 2, 
wherein said transparent condensing medium (6) is 
constructed such that n • NA exceeds 0.85, where n 
is a refractive index of the transparent condensing 
medium (6), and NA is a numerical aperture of the 
transparent condensing medium (6). 



4. The optical head as defined in any one of Claims 1 
to 3, wherein said first surface (6a) of said transpar- 
ent condensing medium (6) is planar. 

* 5. The optical head as defined in any one of Claims 1 
to 4, wherein said third surface (6c) of said trans- 
parent condensing medium (6) is planar. 

6. The optical head as defined in any one of Claims 1 
10 to 5, wherein said second surface (6b) of said trans- 
parent condensing medium (6) defines at least a 
part of a paraboloid. 

7. The optical head as defined in any one of Claims 1 
is to 5, wherein said second surface (6b) of said trans- 
parent condensing medium (6) defines at least a 
part of a spherical surface. 

8. The optical head as defined in any one of Claims 1 
20 to 7, wherein said reflective structure (7) comprises 

a metallic film formed on said second surface (6b). 

9. The optical head as defined in any one of Claims 1 
to 7, wherein said reflective structure (7) comprises 

25 a reflective hologram formed over the second sur- 
face (6b). 

10. The optical head as defined in any one of Claims 1 
to 5, wherein said second surface (6b) of said trans- 

so parent condensing medium (6) is at least partially 
planar, and said reflective structure (7) conrprises a 
reflective hologram formed in at least a partially pla- 
nar shape. 

35 11. The optical head as defined in any one of Claims 1 
to 7, 9 or 10, wherein said reflective structure (7) 
comprises a volume hologram. 

12. The optical head as defined in any one of Claims 1 
40 to 7, 9 or 10, wherein said reflective structure (7) 

comprises a binary hologram. 

13. The optical head as defined in any one of Claims 1 
to 12, wherein said transparent condensing 

45 medium (6) comprises a first transparent medium 
and a second transparent medium that are fixed 
together and have substantially the same refractive 
index, said first transparent medium having said 
first surface (6a) and said second surface (6b), and 

so said second transparent medium comprises a flying 
slider (18) which levitate-travels on an optical disk 
(12) as the optical disk (12) rotates, and said flying 
slider (18) has said third surface (6c). 

ss 14. The optical head as defined in any one of Claims 1 
to 13, wherein said light emitter (2) comprises a 
semiconductor laser that emits a laser beam. 
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15. The optical head as defined in Claim 14, wherein 
said semiconductor laser comprises an end emis- 
sion type semiconductor laser. 

16. The optical head as defined in Claim 15, wherein s 
said end emission type semiconductor laser com- 
prises an active layer that is substantially perpen- 
dicular to said third surface (6c) of said transparent 
condensing medium (6). 

10 

17. The optica! head as defined In Claim 15. wherein 
said end emission type semiconductor laser com- 
prises an active layer that is substantially parallel to 
said third surface (6c) of said transparent condens- 
ing medium (6). « 

18. The optical head as defined in Claim 14, wherein 
said semiconductor laser comprises a surface 
emission type semiconductor laser. 

20 

19. The optical head as defined in any one of Claims 1 
to 13, wherein said light emitter (2) comprises a 
laser beam .source that emits a laser beam, and a 
collimator lens (4) that shapes said laser beam from 
said laser beam source into a collimated beam (5) 2$ 
to be incident on said first surface (6a) of said trans- 
parent condensing medium (6). 

20. The optical head as defined in any one of Claims 1 

to 19, wherein said first surface (6a) and said third so 
surface (6c) of said transparent condensing 
medium (6) are orthogonal to each other. 

21 . The optical head as defined in any one of Claims 1 

to 20, wherein said light emitter (2) comprises a 3S 
laser beam source that emits a laser beam, and a 
piezoelectric element (20) that moves said laser 
beam source to displace a position where said 
beam spot (9) is formed. 

40 

22. An optical disk apparatus having an optical disk 
(12) which rotates and an optical head (1) as 
defined in any one of Claims 1 to 21 which forms a 
beam spot (9) on said optical disk (12) by condens- 
ing a light beam to record or reproduce information. 4s 

23. The optical disk apparatus as defined in Claim 22, 
wherein said transparent condensing medium (6) 
includes a first transparent medium and a second 
transparent medium which are fixed together and so 
have substantially the same refractive index, 

said first transparent medium having said first 
surface (6a) and said second surface (6b), 
said second transparent medium is a flying ss 
slider (18) which levitates, and levrtate-scans 
on said optical disk (12) as the optical disk (12) 
rotates, said flying slider (18) having said third 



surface (6c), and 

said light beam emitter (2) and an optical sys- 
tem required for said optical recording or said 
optical reproduction are arranged on said flying 
slider (18). 

24. The optical disk apparatus as defined in Claim 22, 
wherein said optical disk (12) is a read-only 
medium on which information has been recorded 
by means of an uneven binary digit string. 

25. The optical disk apparatus as defined in any one of 
Claims 22 to 24, wherein said optical disk (12) is a 
magneto-optic recording medium. 

26. The optical disk apparatus as defined in any one of 
Claims 22 to 24, wherein said optical disk (12) com- 
prises an optical phase-change recording medium. 

27. The optical disk apparatus as defined in any one of 
Claims 22 to 24, wherein said optical disk (12) is a 
write once, read many recording medium. 



2a An optical disk apparatus having a plurality of opti- 
cal disks (12) that are coaxially arranged, spaced 
apart at a predetermined interval and rotate, and a 
plurality of optical heads (1) as defined in any one 
of Claims 1 to 21 which condense light beams to 
form beam spots (9) near said plurality of optical 
disks (12) for recording or reproducing information. 

29. An optical disk apparatus, having an optical disk 
(12) that rotates, and an optical head that forms a 
beam spot (9) on said optical disk (12) by condens- 
ing a light beam to record or reproduce information, 
comprising: 

an optical head mover (14, 15, 30, 45) that 
moves said optical head in predetermined 
tracking directions; 

a semiconductor laser that emits said light 
beam; 

a piezoelectric element (20) that moves said 
semiconductor laser to displace a position at 
which said beam spot (9) is formed; and 
a driver (16) that drives said optical head mover 
(14, 15, 30, 45) on the basis of an error signal 
in a low frequency area and that drives said 
piezoelectric element (20) on the basis of an 
error signal in a high frequency area. 

30. The optical disk apparatus as defined in any one of 
Claims 22 to 29, wherein said semiconductor laser 
is a beam scanning type semiconductor laser com- 
prising a pair of electrode terminals (461b) provided 
near a tip end that emits said laser beam, the elec- 
trode terminals (461b) dividing an electric current or 
alternately applying the current to displace a posi- 
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tion where said beam spot (9) is formed. 

31. An optical disk apparatus that forms a beam spot 
(9) near an optical disk (12) by condensing a light 
beam to record or reproduce information, compris- s 
ing: 

an irradiator that emits a collimated light beam 
(5); and 

a reflector (7) that reflects said light beam to 10 
form said beam spot (9) near said optical disk 
(12). 

32. The optical disk apparatus as defined in Claim 31 , 
wherein said reflector (7) comprises a transparent is 
condensing medium (6) that has a first surface (6a) 

on which said light beam from said irradiator is inci- 
dent and a second surface (6b), at which a reflec- 
tive structure (7) is formed that reflects said laser 
beam incident on said first surface (6a) to form a 20 
beam spot (9) on a third surface (6c) of the trans- 
parent condensing medium (6). 

33. An optical head comprising a condensing device 
that includes at least one reflective structure (7) that 25 
condenses fight to form a beam spot (9) near an 
optical disk (12). 

34. The optical head of claim 33, further comprising a 
transparent condensing medium (6) that cooper- 30 
ates with the reflective structure (7) to form the 
beam spot (9) using light incident on the transpar- 
ent condensing medium (6). 

35 
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